Hypercholesterolemia is a known risk factor for cardiovascular diseases and affects a high proportion of the population. This study aimed to assess and compare the determinants of hypercholesterolemia among Chinese adults aged 18 years and above, from 2002 to 2012. The study used a stratified multistage cluster sampling method to select participants. Sociodemographic and lifestyle information was collected during face-to-face interviews. Dietary intake was calculated by 3-day, 24-h dietary records in combination with weighted edible oil and condiments. Hypercholesterolemia was defined as total cholesterol above 6.22 mmol/L (240 mg/dL) from fasting blood samples. The study included 47,701 (mean age 43.0 years) and 39,870 (mean age 51.0 years) participants in 2002 and 2010-2012 surveys respectively. The weighted prevalence of hypercholesterolemia increased from 1.6% (2.1% urban, 1.0% rural) in 2002 to 6.0% (6.4% urban, 5.1% rural) in 2012. The intake of plant-based food decreased but the intake of pork increased over the 10 years. A high intake of protein and pork, alcohol drinking and overweight/obesity were positively associated with hypercholesterolemia. Neither education nor fruit and vegetable intake were associated with hypercholesterolemia. In conclusion, the burden of hypercholesterolemia increased substantially between 2002 and 2012 in China. Unhealthy lifestyle factors and change in traditional dietary pattern were positively associated with hypercholesterolemia. Further research on the role of diet in the development and prevention of hypercholesterolemia is needed.
Introduction
Abnormal lipid metabolism is an important risk factor for cardiovascular diseases (CVD). It has been shown that one unit increase of logarithmic serum total cholesterol will triple the risk of CVD in men and women [1] . Hypercholesterolemia has been confirmed as an independent risk factor for atherosclerosis and thrombosis, coronary heart disease and ischemic stroke [2, 3] . The prevalence of hypercholesterolemia has decreased and mean total cholesterol (TC) levels have fallen by as much as 40 mg/dL in most developed countries during the past several decades because of statin use, healthy diet promotion and national public health policies [4] . However, in China, the mean total cholesterol level is approaching 4.50 mmol/L (173 mg/dL) and the prevalence of hypercholesterolemia increased from 2.9% in year 2002 [5] to 4.9% in 2012 [6] . Although blood lipid levels and the prevalence of dyslipidemia among Chinese residents are still lower than those in Western countries, with the rapid development of the social economy and improvements of living standards as well as the change of lifestyle, the burden of CVD has increased significantly; it can be partly attributed to the increased level of blood lipids.
The associations between sociodemographic factors, diet and lifestyle factors for hypercholesterolemia have been documented in many epidemiological and observational studies [7, 8] . Dietary habits and lifestyle among Chinese people have changed a great deal during the last 10 years, especially among middle-aged people. How these changes are linked with cholesterol levels is not well studied in China. There is no study on the association between macronutrients intake and hypercholesterolemia at the national level. Using data from 2002 and 2010-2012 Chinese National Nutrition Survey, the current study aimed to (1) describe the prevalence of hypercholesterolemia; and (2) compare the dietary and lifestyle determinants of hypercholesterolemia among adults aged 18 years and over between 2002 and 2012.
Materials and Methods

Data Sources
Data used in the study were from the National Health and Family Planning Commission The two surveys were conducted in 31 provinces, autonomous regions, and municipalities directly under the central government, throughout China (except Taiwan, Hong Kong, and Macao).A stratified multistage cluster sampling method was used to select participants.
In the 2002 survey, the country was divided into 6 strata (big cities, medium and small cities, class 1-4 rural areas) based on geographic characteristics, economy, and social development information provided by the China National Bureau of Statistics and the China Ministry of Health Statistics. The first stage of sampling involved a random selection of 22 districts (urban) or counties (rural) from 6 strata and the second stage involved random selection of three neighborhoods (urban) or townships (rural) from each of the selected districts/counties; and then from each of the neighborhoods or townships, two residential committees (urban) or villages (rural) were randomly selected. Thirty households were randomly sampled from each neighborhood committee or village, and the dietary survey with 3-day 24-h dietary records, combined with food weighing, was conducted.
In the 2010-2012 survey, a multistage stratified with proportional to the population cluster random sampling method was conducted at 150 survey sites of4 types, of which 34 were big cities, 41 were medium and small cities, 45 were general rural areas, and 30 were poor rural areas (according to economy and social development). Random sample selection of 6 neighborhood committees (urban) or 6 villages (rural) conducted equal to the proportion of the local population. Thirty households were randomly sampled from each neighborhood committee or village, and the dietary surveys, with 3-day 24-h dietary records, combining food weighing, were finished. Both surveys were approved by the Ethical Committee of the National Institute for Nutrition and Food Safety of the Chinese Center for Disease Control and Prevention. All the participants provided written informed consent.
A similar survey questionnaire and fasting blood measurements were conducted. A face-to-face interview using a standard questionnaire was conducted at the home of participants and anthropometric measurements were taken at a community health service center, both by trained staff. The questionnaire included general demographic information, such as age, education level, marital status and income, and lifestyle factors, including smoking and alcohol consumption. Weight was measured without shoes and in light clothing to the nearest 0.1 kg. Height was determined to the nearest 0.1 cm without shoes. Body mass index (BMI) was calculated as weight (kg) divided by height (m) squared.
Fasting blood samples were collected by qualified nurses by venipuncture from the antecubital vein before breakfast. The samples were centrifuged at 1500× g for 10 min after being left standing for 30 to 60 min. The centrifuged serum samples were transported to a laboratory and stored at −80 • C.
The blood collection procedure, processing, and determination were identical in the two surveys. Serum total cholesterol was tested using the cholesterol oxidase method by the Hitachi automatic biochemical analyzer and reagents were from a central laboratory of the Beijing Center for Disease Control and Prevention. According to the Chinese adult dyslipidemia prevention guide (2007 edition), serum total cholesterol concentrations greater than 6.22 mmol/L (240 mg/dL) were considered to be hypercholesterolemia [9] .
Inclusion and Exclusion Criteria
In both surveys, participants aged 18 years and above, who were healthy and able to walk freely to the survey location were included in the survey. Those with missing values of basic demographic information, lysed blood samples, were excluded following unified data cleansing rules (samples with missing or illogical data, energy intakes lower than 800 kcal per day; or higher than 5000 kcal per day were excluded).
Statistical Analyses
Data were collected using specialized software, and data analyses were performed using SAS (Statistical Analysis System) for Windows V9.3 (SAS Institute, Cary, NC, USA). National population census data from 2010 were used to calculate weighted serum total cholesterol concentration, prevalence of hypercholesterolemia, dietary intake, and other variables. A sampling weight was assigned to each participant based on the study design. As the age and gender distribution of the Chinese population was different between 2002 and 2010/2012, in the analysis of the prevalence of hypercholesterolemia and mean levels of cholesterol we calculated age and gender standardise values based on the 2010 national census data. China national food composition 2004 [10] and 2009 [11] editions were used to classify food categories and to calculated nutrients intake. PROC SURVEYMEANS and PROC SURVEYFREQ procedures in SAS were used to calculated mean and proportion and their 95% Confident Interval (95% CI).
Three complex sampling logistic regression analyses were used to assess the associations between sociodemographic factors, dietary intake, lifestyle factors and hypercholesterolemia in both surveys. Food/nutrient intakes were categorized as quartiles or tertiles depending on the distribution of consumption. The association between food and nutrient intake and hypercholesterolemia was adjusted for district, age, gender, nationality, education, marital status, income, smoking, drinking, physical activity, BMI and energy intake. A Student t-test was used to test the differences in the means of continuous variables, and the Chi-square test was used to test differences in categorical variables. A two tailed p value < 0.05 was considered to be statistically significant.
Results
The demographic characteristics of the participants are shown in Table 1 In the 2002 survey, the participants' age range was from 18 years to 95 years, and the mean age was 43.0 years (42.7 years urban; 43.4 years rural). The Han population accounted for 91.4% (94.5% of urban and 87.3% of rural areas). Most participants completed junior or senior high school in urban areas, but participants with primary school or below accounted for 47.3% and only 2.6% of participants with college or above in rural areas. The proportion of having a partner was 76.7% in urban and 82.0% in rural areas. Most participants had income below 5000 Yuan RMB (45.1% urban; 85.6% rural).
The mean age was higher in the 2010-2012 survey at 51.0 years (50.5 years urban; 52.3 years rural), which is older than the 2002 survey. Education levels were similar between the two surveys. However, there was a significant increase in the annual income in 2010-2012 survey. Table 2 Weighted food consumption was shown in Table 3 , and was classified by different districts and gender after adjusted by age. The mean dietary consumption of rice, wheat, other cereals, vegetables, eggs, fish, milk, red meat offal, other red meat, legumes, tubers, sugar, salt and animal oil decreased significantly from 2002 to 2012 (p < 0.05). Pork, cakes and vegetable oil intake increased significantly during the same period (p < 0.001) in both genders. No statistical difference was observed in fruits (p = 0.114), poultry (p = 0.062) and nut intake (p = 0.442) among females from 2002 to 2012. In both genders, rice consumption decreased more than 70 g/day. Table 4 shows the intake of weighted energy and macronutrients in both surveys. Total energy intake decreased more than 200 kcal/day between 2002 and 2012 in both gender. The decrease in energy intake was mainly due to the reduction of carbohydrate intake. However, the percent of energy from fat increased significantly from 32. Older age, female, alcohol drinking was positively associated with hypercholesterolemia in both surveys (Figure 1) . Residence, income, education, and physical activity were significantly associated with hypercholesterolemia in 2002 but not in 2010-2012. There were no significant associations between hypercholesterolemia and rice, vegetables, fruits, eggs, milk, poultry, other red meat, cakes, sugar and salt intake both in survey 2002 and 2010-2012 after adjusting energy intake and socio-demographic and lifestyle factors (Table 5) There were no significant associations between hypercholesterolemia and rice, vegetables, fruits, eggs, milk, poultry, other red meat, cakes, sugar and salt intake both in survey 2002 and 2010-2012 after adjusting energy intake and socio-demographic and lifestyle factors (Table 5) *: Models adjusted for district, age, gender, nationality, education, marital status, income, smoking, drinking, physical activity, BMI and energy intake; # : Food intake categorical levels were: none, below or above medium intake among participants; & : Food intake categorical levels were: no consumption and consumers. Table 6 showed relationships between hypercholesterolemia and macro-nutrients intake. No association between carbohydrate and fat intake and hypercholesterolemia was found in both surveys, but protein intake was 
Discussion
Based on the two national nutrition surveys, we found a four-fold increase in hypercholesterolemia prevalence among Chinese adults between 2002 and 2012.During the study period, there was a significant change in dietary intake especially a reduction the intake of carbohydrate. Women were more likely to have hypercholesterolemia than men in both surveys. Hypercholesterolemia increased with age. Protein and pork intake were positively associated with hypercholesterolemia. However, no consistent association between fruit and vegetable consumption and hypercholesterolemia was found in both surveys.
Unhealthy lifestyle factor such as smoking [12] , alcohol drinking [13, 14] , sedentary lifestyle [15] , overweight and obesity [16, 17] are risk factors of hypercholesterolemia. Consistent with other studies, health-related behavioral factors, such as drinking was substantially associated with hypercholesterolemia in our study. The prevalence of alcohol drinking increased from 23.9% in 2002 to 33.6% in 2012. Due to the high prevalence of alcohol drinking, a high proportion of hypercholesterolemia can be attributed to drinking. Although smoking was less prevalent in 2012 as compared with 2002, the prevalence remained as high as 25.5%. Over the 10 years, the prevalence of overweight/obesity increased substantially (from 36.2% in 2002 to 45.0% in 2012). Overweight and obesity was a strong predictor for the incidence of hypercholesterolemia [18, 19] . Consistent with other studies [20, 21] , we found that overweight (24.0 kg/cm 2 ≤ BMI < 28.0 kg/cm 2 ) and obesity (BMI ≥ 28.0 kg/cm 2 ) was positively associated with hypercholesterolemia as compared with normal weight. The proportion of taking physical activity declined from 2002 to 2012 and physical activity seemed related to hypercholesterolemia, Since we do not have any information on the duration and intensity of the physical activity, it is difficult interpret the present findings. The increasing prevalence of hypercholesterolemia may be partly explained by the increase of the above unhealthy lifestyle factors.
The observed gender difference in total cholesterol levels in our study is consistent with other studies in China and some other developed countries [22] [23] [24] [25] . However, an opposite direction of the association was found in Kuwait and Turkey, where men had higher cholesterol levels than women [26, 27] . These inconsistent gender differences could be due to race, socioeconomic status, and dietary intake.
The association between socio-economic status and hypercholesterolemia varies by countries. Amiri et al. revealed that lower income was associated with a higher risk of hypercholesterolemia in Malaysia [28] , while other studies have indicated no relationship between income and hypercholesterolemia [29] .Educational level was related with the risk of hypercholesterolemia in a study in Korea [30] . However, in our study, higher income and higher education level had no relationship with hypercholesterolemia in both surveys. It may suggest that a high education level may not be necessary to have better nutritional knowledge or healthier behavior than those with a low education level. In fact, studies from China showing that people with high income were positively associated with a higher energy intake and risk of obesity [31] .
The change in dietary intake is consistent with findings from the China Health and Nutrition Study (CHNS) [32] . Although the total energy intake decreased over the past 10 years, the distribution of macronutrient intake changed. The percentage of energy from fat increased significantly but percentage of energy from carbohydrate and protein decreased significantly from 2002 to 2012. These changes may be partly due to the availability of inexpensive vegetable oil and broader supply of animal foods especially pork over the study period [33] .
In our study, the positive association between the intake of pork and protein and hypercholesterolemia is consistent with previous studies [34] . Pork and fish were main source of dietary protein and fat in our study and were positively associated with blood cholesterol level. A prospective study reported that high intakes of red meat were associated with increased risk, whereas intakes of nuts, fish and poultry were associated with substantially lower risk of developing coronary artery disease [34] . Compared with the Chinese dietary guideline on meat consumption, pork intake accounted for two thirds of the recommendation, which was almost more than 50 g in both surveys. Replace pork with lean red/white meat such as lamp/beef or poultry might be helpful to decrease serum total cholesterol concentration [35, 36] . Protein from animal, but not plant sources, was associated with a higher prevalence of diabetes [37] as well as an increase of ischemic heart disease [38] .In our analysis, animal protein was positively but plant protein was inversely associated with hypercholesterolemia. In general, plant-based foods (e.g., cereals, legume and tubers) were inversely related to hypercholesterolemia in our study. These foods are the main components of the Chinese traditional diet. Studies have shown that traditional Chinese dietary pattern is inversely associated with overweight/obesity [39] . Although rice intake has been shown to be associated with lipid profiles in Jiangsu Nutrition Study [40] , we did not find a significant association between rice intake and hypercholesterolemia. However, the inverse association between wheat, tubers, legume as well as vegetable oil consumption and hypercholesterolemia in our study is consistent with previous findings [41] [42] [43] .
The main limitation of the study is its cross-sectional study design. We cannot make conclusions on causation. Furthermore, the 3-day 24-h food intake may not be able to represent long-term dietary habits. Eating out is another source of potential measurement error. The strength of the study is that it is national representative sample and findings on the association between dietary factors and hypercholesterolemia can be generalized in Chinese adult population. The prevalence of hypercholesterolemia in our study should considered as age and gender standardized prevalence and the interpretation and comparison should be different from the previous findings in 2002 [5] and 2012 [6] . Furthermore, different from the prevalence study in 2002 by Zhao et al. [5] , we used a different cutoff to define hypercholesterolemia (6.22 mmol/L [9] vs. 5.72 mmol/L [5] ). Our study provided a detailed burden of hypercholesterolemia by socioeconomic and lifestyle factors. Findings from the study provide guidance for the prevention and intervention of dyslipidemia.
Conclusions
In conclusion, the study demonstrated a rapid increase in hypercholesterolemia prevalence between 2002 and 2012in Chinese adult population. Unhealthy lifestyle factors and change in traditional dietary pattern are positively associated hypercholesterolemia. There was a positive association between pork and protein intake and hypercholesterolemia. Intake of fruit and vegetable is not related to hypercholesterolemia in both surveys. Further research on the role of diet in the development and prevention of hypercholesterolemia is needed.
